A simple method for the simultaneous determination of caffeine and chlorogenic acids content in green coffee was reported. The method was based on the use of UV/Vis absorption. It is relevant that the quantification of both caffeine and chlorogenic acids was performed without their preliminary chemical separation despite their spectral overlap in the range 250-350 nm. Green coffee was extracted with 70% ethanol aqueous solution; then the solution was analyzed by spectroscopy. Quantitative determination was obtained analytically through deconvolution of the absorption spectrum and by applying the Lambert-Beer law. The bands used for the deconvolution were the absorption bands of both caffeine and chlorogenic acids standards. The molar extinction coefficients for caffeine and chlorogenic acid in ethanol solution at 70% were calculated by using the chemical standards; the estimated values were (272 nm) = 12159 ± 97 M −1 cm −1 for caffeine and (330 nm) = 27025 ± 190 M −1 cm −1 for chlorogenic acids molecules, respectively. The estimate of concentration values was in agreement with the one obtained by High Performance Liquid Chromatography quantification. The method is fast and simple and allows us to realize routine controls during the coffee production. In addition, it could be applied on roasted coffee and espresso coffee.
Introduction
Coffee is an extremely popular beverage daily consumed. It has been the most commercialized food product and the most widely consumed beverage in the world. It is noteworthy that today coffee is considered as a functional food, primarily due to its high content of compounds that exert invigorating and antioxidant actions. These salutary effects are due mainly and, respectively, to caffeine and chlorogenic acids [1, 2] . Chlorogenic acids (CGAs) comprise a major class of phenolic compounds. The most abundant are the caffeoylquinic acids [3] . They account for approximately 80% of the total chlorogenic acids content [4] . The amount daily consumed of caffeine or CGAs is an important parameter to determine positive or negative effects on the health. Dose-response varies, partially reflecting genetic variation in susceptibility and consequently the different tolerance due to increasing exposure [5] . Thus, due to the increasing heed of consumer to safe food and to best final quality of the coffee, there is a growing interest in the monitoring and quantification of caffeine and CGAs in coffee.
Caffeine is a heat stable bitter white crystalline xanthine. It is an alkaloid acting as a mild psychoactive stimulant drug on the central nervous system. It is used both recreationally and medically in order to reduce physical fatigue and restore mental alertness when unusual weakness or drowsiness occurs [6, 7] . It also possesses a weak diuretic action [8] . However, when excessively assumed, caffeine can cause unpleasant symptoms as well as state of excitement and anxiety. Finally, recommended daily intake could change depending on the health state of the consumer. The caffeine concentration depends on the coffee family: in Coffea canephora var. robusta it is approximately twice than in Coffea arabica [2] .
Chlorogenic acids (CGAs) are classified according to the nature and number of cinnamic substituents and to the esterification position in the cyclohexane ring of the quinic acid [9] . 5-Caffeoylquinic acid is the most widely occurring and most studied CGAs. CGAs have antioxidant properties, 2 Journal of Chemistry which play an important role in protecting food, cells, and any organ from oxidative degeneration [10] and also the coffee plant against microorganisms, insects, and UV radiation [11] .
Moreover, CGAs contribute to prevent various diseases associated with oxidative stress, as well as cancer, aging, and cardiovascular and neurodegenerative diseases; besides, these substances have promising effects in modulating lipid and glucose metabolism [12] [13] [14] [15] . On the other hand, quantity of CGAs is inversely associated with quality of a coffee cup. Indeed, their high amount in green coffee may produce undesirable flavor, possibly due to oxidation and degradation products formed before roasting [16] and to formation of phenols and cathecols after roasting [17] . In addition, CGAs confer astringency, bitterness, and acidity to the coffee brew. The content of CGAs in Coffea canephora and Coffea arabica species varies considerably. In particular, it is about 4.0-8.0% in Coffea arabica and 6.0-11.5% in Coffea canephora var. robusta [11] .
The conception of a fast, simple, and not expensive method aiming to the determination of both caffeine and chlorogenic acids into coffee may find high interest.
Several methods for the determination of caffeine in tea, coffee, and other beverages are available in literatures: UV/Vis spectrometry [7, 8, 18, 19] , gas chromatography/mass spectrometry [20] , High Performance Liquid Chromatography [21, 22] , micellar electrokinetic chromatography [23] , voltammetry [24] , near-infrared spectroscopy [25] , FT-Raman spectroscopy [26] , and planar chromatography-multiple detection with confirmation by electrospray ionization mass spectrometry [27] . However, some of these methods need to use very expensive experimental techniques or chemical manipulation of the sample aiming to separate the substances to be analyzed. Anyhow, when separation does not occur, the use of very specialistic chemometric analysis methods proves to be indispensable.
The aim of this study was focused on the development of UV/Vis spectroscopy procedure, allowing us to determine at the same time the content of caffeine and CGAs without their mutual separation before the UV/Vis absorption measurements and when knowing the concentration of CGAs specific isomers is not needed. This method presents various advantages: it is sensitive, cheap, and easy regarding both the measurement procedure and the data analysis. The proposed protocol may allow replacing the use of expensive equipment, such as those required to apply standard High Performance Liquid Chromatography (HPLC) methods that at the moment limit the application in small industrial laboratories where a few analyses are performed each day [28] [29] [30] . The method here described could be applied to different states of coffee, such as beans, grounds coffee, coffee espresso, or brew, and to different food matrices having caffeine or CGAs as ingredients.
Materials and Methods
Green coffee samples were supplied by Angelo Morettino coffee company. They were five single-origin coffees, among which are three belonging to Coffea arabica and two to Coffea canephora var. robusta coffee. Caffeine (
and chlorogenic acid (3-(3,4-dihydroxycinnamoyl) quinic acid, C 16 H 18 O 9 ) (CGA) chemical standards were bought from Sigma Aldrich (C0750-5G and C3878-1G, resp.). IUPAC numbering was used in the text. The ethanol solution at 70% (70% EtOH) was prepared using ethanol by Merck and bidistilled water.
Extracts Preparation.
Several extraction protocols were employed aiming to determine the more appropriate experimental procedure to quantify caffeine and CGAs in coffee with a simple spectroscopic analysis. Particularly, extraction procedures were carried out, at both room and higher temperatures using water and/or ethanol as solvent. The more efficient, rapid, not invasive, and simple method was obtained by extraction with 70% EtOH at room temperature. The procedure was applied on both whole and ground coffee beans. The advantage of this protocol is the potential applicability in many coffee companies even if these are devoid of specific laboratory accessories or expensive equipment. For every monoorigin coffee, 3 g whole beans or 2 g ground coffee was, respectively, put in 60 ml or 100 ml of 70% EtOH at 25
∘ C in the dark under magnetic stirring. After 24 h, the suspension was drawn by using a vacuum filtration system with a 0.20 m filter (Sartolab BT 1000 system filter) to get rid of the suspended particles from the solution. After filtration, the sample was dissolved again with an equivalent volume of 70% EtOH for additional 24 h, in order to establish by second sample taking if the caffeine and CGAs were totally extracted in the first 24 h. The extract solutions were appropriately diluted in 70% EtOH in order to perform experimental measurements. Particularly, the extract solutions by whole beans were diluted 1 : 100; those derived by ground coffees were diluted 1 : 200 or 1 : 400 depending on the spectral intensity. The solutions derived from the different samples of Arabica coffees were named A1, A2, and A3. Analogously, the two different Robusta samples were named R1 and R2.
Standard Solution Preparation.
For the standard solution preparation, commercial chemical standards of caffeine and CGA were used and dissolved in 70% EtOH previously filtered by using a 0.20 m filter. Specifically, in order to minimize errors in the preparation procedure, both the chemical standards were first dissolved in alcoholic solution at 10 mg/ml and then, solutions at specific concentration, ranging from 1.0 ⋅ 10 −4 to 1.0 ⋅ 10 −2 mg/ml, were prepared by further dilution. The samples were uniformly dissolved by using magnetic stirrer for about 30 minutes. Then, UV/Vis absorbance spectra were recorded to determine the molar extinction coefficient values for the caffeine and CGA in 70% EtOH, respectively, at 272 and 330 nm, as well as expected when ethanol was mainly used as solvent [29] . The concentration values for caffeine and CGA were appropriately chosen to apply the Lambert-Beer law in the linear form.
UV/Vis Absorption
Spectroscopy. UV/Vis absorption measurements were carried out on UV-2401PC Shimadzu spectrophotometer in the range 200-600 nm, by using halogen and deuterium sources for the visible and ultraviolet radiations, respectively. After the basic preparation, described Journal of Chemistry 3 in Sections 2.1 and 2.2, the samples were appropriately diluted in 70% EtOH in order to make spectroscopic measurements. The contribution of the solvent absorption was subtracted from the obtained raw spectra. All measurements were made in triplicate at the controlled temperature of 25 ∘ C using a quartz square cuvettes with 1 cm optical path.
The determination of the molar extinction coefficients of caffeine at 272 nm and of CGA at 330 nm was realized by applying the well-known Lambert-Beer law, by fitting linearly the dependence of the absorbance versus the sample concentration. The error associated with the concentration was the standard deviation obtained from triplicate measurements.
By using Origin 8 and Excel 2013, spectra analysis was carried out. The Root Mean Squared Deviation (RMSD) between the acquired spectrum and the calculated profile verified the absorption profiles fittings. The RMSD value was for every fit lower than 10 −4 .
HPLC Analysis.
Chromatographic measurements were performed with a Shimadzu HPLC system (LC-2010 AT Prominence) equipped with a UV/Vis photodiode array detector (SPD-M20A), an on-line degasser system (DGU 20A5), and a 20 L sample loop. A C18 column (Kinetex 5U 100A size 250 × 4.6 mm), maintained at 25 ∘ C by an oven (Knauer Jetstream Series), was used to separate caffeine from the chlorogenic acids, in order to quantify them. All the chromatographic analyses were performed by using as solvents trifluoroacetic acid 0.1% (v/v) in water (solvent A), and acetonitrile (solvent B). The mobile phase was pumped at 1.5 mL min −1 using the following gradient profile: from 95% A and 5% B to 80% A and 20% B in 20 min followed by 10 min of isocratic and returning to initial condition at 35 min.
Calibration curves for both caffeine and 5-caffeoylquinic acid standards were obtained by injecting increasing concentrations of mixed standards and by plotting the peak area measured at wavelength 272 or 326 nm for caffeine and 5-caffeoylquinic acid, respectively, as function of their concentrations (Figures 3(a) and 3(b) right) . The measurements were performed in triplicate. The complete spectrum from 200 to 600 nm was acquired and the appropriate wavelength was extracted to create the chromatographic profiles (272 nm and 326 nm, the wavelengths of maximum absorption for the caffeine and the CGA absorbance, resp.). The slope obtained from the linear fit for each calibration curve was used to estimate the concentration in all samples (A1, A2, A3, R1, and R2). The error associated with the concentration value was the standard deviation obtained from triplicate measurements.
Statistical Analysis.
Data statistical analysis was performed using the STATSOFT 6.0 program (Vigonza, Padova, Italy). The significant differences ( ≤ 0.05) were evaluated by variance analysis [31] , and the means separation was conducted using the Tukey post hoc test. Figure 1 shows the UV/Vis absorption spectra of caffeine and CGA in 70% EtOH separately acquired in the spectral range 200-400 nm at 25 ∘ C. The caffeine spectrum was characterized by absorbance in the region 240-300 nm. The position of the maximum intensity was highly dependent on the used solvent. This band, centered at about 275 nm, was related to the C=O chromophore in caffeine molecule [32] . CGA absorbance was characterized by two maximum values, whose positions were once again dependent on the solvent. When ethanol was the prevalent solvent, the first band was localized at about 217 nm with a shoulder at about 240 nm, while the second band was at about 330 nm with a shoulder at 298 nm [29] . The band at about 330 nm was the highest peak and revealed the occurrence of a HOMO/LUMO transition with → * character [33] . Caffeine spectra, as well as CGA spectra, were separately realized at different dilutions. The molar extinction coefficient values, at 272 nm for caffeine and at 330 nm for CGA, respectively, were calculated by fitting the linear dependence of absorbance amplitude by the sample concentration values. The resulting graphs were reported in Figures 2(a) and 2(b) . The obtained values were (272 nm) = 12159 ± 97 M −1 cm
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for the caffeine and (330 nm) = 27025 ± 190 M −1 cm −1 for CGA. These values were found in good agreement with values early obtained using different solvents and reported in the literature [34] [35] [36] .
Calibration curves for chromatographic determination were obtained by triplicate HPLC measurements of caffeine and CGA solutions mixtures. Each calibration curve was obtained by injecting increasing concentrations of the mixed samples (in the same range of above UV/Vis measurements) and using the simple equation:
where was the peak area calculated by HPLC software and was the concentration of injected sample. The calibration curves estimated for caffeine and CGA by HPLC Figure 3 , the chromatograms registered for the injection of the more diluted mixture were reported at two wavelengths: 272 and 326 nm, the wavelengths of maximum absorption for the caffeine and the CGA absorbance, respectively. The blue shift from 330 nm to 326 nm was ascribable to use of a different solvent as mobile phase. The peak at 9.44 min (Figure 3(a) ) was corresponding to caffeine, as confirmed by the spectrum in the inset acquired at this elution time. The peak at 10.23 min (Figure 3(b) ) was corresponding to CGA, as supported in the inset. In Figure 3 (a), CGA absorption was evident also at 272 nm due to its spectroscopic properties.
Determination of the Caffeine and Chlorogenic Acids in
Coffee. Figure 4 shows the UV/Vis absorption spectra of the several extracts from ground green coffee acquired at 25 ∘ C in the 220-400 nm spectral range. All samples were characterized by an absorbance profile meanly resulting in the overlapping of caffeine and chlorogenic acids light absorption. The optical activity in this spectral range could be associated with → * electronic transition of caffeine, chlorogenic acids, and trigonelline molecules [18] . Usually, the spectral interference between the caffeine absorbance and other UV absorption signals due to the other substances in the sample had been dissuaded from the use of UV/Vis spectroscopy to obtain a correct determination of caffeine or chlorogenic acids content in coffee [30, 37] . However, some methods aiming to use this technique were proposed [32, 35] , but they need an early chemical separation of the substances having an absorbance in the same spectral range or a specialist chemometric analysis of the data. The method here described allows minimizing the sample treatment and obtaining simultaneously the quantification of caffeine and chlorogenic acids in coffee, realizing a spectral separation of their absorption contributions rather than an actual chemical separation. The spectral separation was obtained by analytical elaboration of the caffeine and CGA standards spectra. The spectra, already reported in Figure 1 , were appropriately summed applying the formula
where Caff(]) and CGA(]) were the absorbance values at the change of the wavelength ] for caffeine and CGA molecules and 1 and 2 were two constant values. The values were appropriately calculated by fitting a convolution of the absorption spectrum of the caffeine and CGA standards, in order to obtain the total absorption profile that better overlapped the spectral profile of green coffee spectrum in the spectral region 260-400 nm. The good overlap was verified by calculating the Root Mean Squared Deviation (RMSD) considering the original profile of the absorption spectrum of the coffee extract as the expected value and the calculated profile from the convolution of the standard's absorption bands as the obtained value. The RMSD value was for every fit lower than 10 −4 . Figure 5 shows the analysis for A2 sample, as an example. Similar overlap was also obtained for other samples. This method has allowed verifying that mainly caffeine and chlorogenic acids contributed to the absorption profile in the spectral range 260-400 nm. Moreover, the method has allowed the determination of the absorbance contributions due to the caffeine and CGA and consequently the determination of their concentration in coffee. The error associated with the concentration value was the standard deviation obtained from triplicate measurements. The values obtained, reported in Table 1 , are in agreement with expected values depending on the type of the different species of coffees analyzed.
In order to test the above described procedure to determine caffeine and chlorogenic acid concentrations, all the green coffee ethanolic extracts were analyzed by HPLC and the estimate of concentrations was obtained by using the calculated calibration curves. As an example, the elution profiles for A2 sample were presented in Figure 6 , where the peak at 9.44 min (a) showed the elution of caffeine, as previously reported for the caffeine standard. The concentration was estimated by applying (1) and using the value estimated for caffeine and the peak area calculated by HPLC software. The peak at 10.23 min in Figure 6 (b) corresponded to CGA. Moreover, other substances were detected at 326 nm. The relative absorption spectra were extracted at the retention time and were reported in the inset of Figure 6 (b). The comparison showed a similarity with the absorption profile of CGA standard used. We speculated that these peaks, corresponding to other chlorogenic acids present at low concentration in green coffee, were separated by liquid chromatography due to the difference in the chemical composition. However, the contribution of these molecules was surely embedded into the optical absorption spectrum registered for the samples by UV/Vis measurements. Moreover, the similarity of their absorption profiles to that of CGA standard assured that their contribution in the concentration calculation was anyway considered by having selected an appropriate value of 2 factor in the formula (2) . So, the method based on the use of UV/Vis spectroscopy allowed the determination of the concentration of the chlorogenic acids, although only CGA standard was used. Consequently, the chlorogenic acids (CGAs) concentration determined by HPLC was calculated by considering the relative contribution of all the peaks. So, to calculate the concentration relative to CGAs, the sum of total area was used in formula (1) together with the value estimated for CGA. The results obtained by UV/Vis elaboration and HPLC were reported and compared in Table 1 . The data were not different according to ANOVA statistical analysis. The data reported in Table 1 referred to investigation carried out on the ground coffee samples. Indeed, when whole beans were taken into consideration, caffeine and CGAs were not efficiently extracted in the first 24 hours. However, it is relevant to underline that, also in that case, the caffeine and CGAs quantifications obtained by the UV/Vis spectrometric method were in agreement with the findings derived by using HPLC technique.
Summarizing, the findings show that the protocol used allows determining the concentration of caffeine and CGAs in coffee when knowing the concentration of specific isomers of the last is not needed. The calculation consists in convoluting the absorption spectra for caffeine and CGA standards in the spectral range 250-400 nm. This approach, for the first time at our knowledge, allows determining the concentrations of caffeine and CGAs simultaneously by using UV/Vis absorption spectroscopy without a preliminary chemical separation. On the base of the obtained results and the acquired knowledge, a very fast method may be designed.
Indeed, the separation of caffeine and CGAs by the analysis of the spectrum profile of the green coffee extract here performed allows determining the CGAs concentration by the application of the Lambert-Beer law using the absorbance in the range where caffeine is not absorbed. Then, caffeine concentration may be calculated from the difference of the absorbance value of the coffee extract and of the CGAs at the selected wavelength, for example, 270 nm. The method for the determination of caffeine and CGAs amount in coffee may be simply and quickly applied after the design of a spectrophotometric device that, based on a simple analysis of the spectrum reading, gives back the caffeine and chlorogenic acids concentration values. The method here proposed embeds an additional advantage: it is based on the use of an UV/Vis spectrophotometer, being easy, fast, and cheap device, today available in most laboratories. Moreover, its application makes the increase of knowledge more simple on the product in coffee makers and in the consumers also when this is not required by law as in the case of the decaffeinated coffee.
Conclusions
A specific procedure for the quantification of caffeine and chlorogenic acids in coffee was reported. The goodness of the results was verified by comparing them with those derived by using a conventional method of quantification of caffeine and CGAs, as the HPLC analysis. The proposed method embeds several advantages: it makes use of an UV/Vis spectrophotometer being easy, fast, and cheap device, today available in most laboratories. For the first time at our knowledge, it allows the simultaneous determination of the caffeine and CGAs content without the necessity to separate them chemically beforehand. This analytical method may therefore be recommended for the rapid and corrected quantification of caffeine and CGAs in coffee. It may make the increase of knowledge more simple on the product in coffee makers and in consumers also when this is not required by law as in the case of the decaffeinated coffee.
Moreover, the method may be also applied on roasted coffee, espresso, and other beverages containing caffeine and/or chlorogenic acids.
